The characterization and error analysis of profries retrieved from remote measurements present conceptual problems, particularly concerning interlevel correlations between errors, the smoothing effect of remote sounding and the contribution of a priori information to profile. A formal analysis for profile retrieval is developed which is independent of the nature of the retrieval method, provided that the measurement process can be characterized adequately. The relationship between the retrieved and true profiles is expressed in terms of a smoothing function which can be straightforwardly calculated. The retrieval error separates naturally into three components, (1) random error due to measurement noise, (2) systematic error due to uncertain model parameters and inverse model bias, and (3) null-space error due to the inherent finite vertical resolution of the observing system. A recipe is given for evaluating each of the components in any particular case. Most of the error terms appear as covariance matrices, rather than simple error variances. These matrices can be interpreted in terms of "error patterns", which are statistically independent contributions to the total error. They are the multidimensional equivalent of "error bars". An approach is described which clarifies the relation of a priori data to the retrieved profile, and identifies a priori in cases where it is not an explicit part of the retrieval.
INTRODUCTION
A well understood approach to characterization and er- If only an approximate model is available, then its accuracy should be quantifiable; if it is not, then the measurement is of no value. The error analysis requires an accurate forward model, which is not necessarily the same as any forward model that might be used as part of the inverse model. If the latter is approximate, its errors will be automatically allowed for by the method described here.
Thus we assume that the forward model represents the physics of the measurement accurately; forward model errors must be characterized only in terms of model parameters. Note that in some works on inverse theory, the term "model parameter" is used to denote the quantity called state vector here. In fact, the distinction between them is vague; the measurement depends on the model parameters, so they could be regarded as quantities to be retrieved. We categorize as model parameters those quantities which might be part of the state vector but are not being retrieved from the measurements. 
REQUIREMENTS FOR A RETRIEVAL
The error analysis presented below does not require the inverse model to produce even a qualitatively "good" retrieval and can be applied to any arbitrary function of the measurements. However, it was felt worthwhile to discuss the criteria that ought to be met for • to be an acceptable retrieval. In this section we discuss the the basic requirement that the measurement should be reproduced to some appropriate accuracy when •r and • are inserted in the forward model. We would also expect the profile to be consistent with whatever is known a priori about its physics and climatology (although a priori information can be wrong, of course). In practice, it is difficult to avoid misinterpreting measurement error as real information.
For example, an error in an absorption coefficient will lead to a compensating error in a retrieved absorber amount, and noise cannot be completely separated from signal, even by an optimal estimator. Therefore a proper error analysis should always be carried out, so that these effects are understood. Resolution h• •ways been a vague concept with many possible definitions, the most appropriate one to u• depending on the context. We could use the Rayleigh criterion, and define it as the separation at which two fi functions in the profile can just be distinguished, but fi functions are not typical of atmospheric phenomena, so this may not be helpful. We could define it as the wavelength of a sinusoidal disturbance that can just be detected, but resolution can vary with height, whilst the wavelength of a sinusoid does not. Further, the detection limit is hard to define.
CHARACTERIZATION OF THE
Resolution could be defined as the width, in some sense, of the averaging kernel or the f-function response. There are many ways of defining width, for example, as the full width at half height, or in terms of the second moment about the mean. In formalizing this, we note that resolution is only a valid concept for continuous functions, 
can be used. If an artificial coverlance matrix is to be constructed in this way, it must be positive definite.
Measurement Error
As seen in equation (14), the contribution of measurement error cy directly to error in the retrieval is Dycy. When applied to the total error coverlance S$ +SN +SM this analysis never seems to clarify the nature of the errors as much as one might wish, but if it is applied to the individual components separately, it can give a useful insight into the error characteristics. Some examples are given in section 9.
EFFECT OF A PRIORI
Particular concern is often expressed about the contribution of a priori data to the retrieval, so a few words are in order here to illustrate how this may be understood. A priori is taken to mean many things, for example, the starting point of an ad hoc iteration, which may or may not affect the outcome, a constraint expressed by a representation, or an independent estimate of the state obtained from sources other than the direct measurement 
Thus we can decompose the state vector into patterns, some of which (those with hi ~ 1) will be well reproduced by the measurement system, and others (with hi ~ 0) that will come mainly from the a priori vector. As mentioned in section 2, a priori data can be regarded as one component of c, the inverse model parameters, because they affect the retrieval without entering the forward model. Let the a priori state vector estimate be x a. Separate out the a priori from c explicitly in equation (12) The next three or four vectors correspond to vertical structure where both the measurements and the a priori contribute. At scales shorter than this only the a priori contributes, the measurements have nothing to say.
SUMMARY
A formal error analysis for profile retrieval can be established, which is independent of the nature of the retrieval method, provided that the measurement process can be modeled adequately. The error separates naturally into three components, (1) random error due to measurement The basic set of diagnostics for characterizing errors will consist of (1) the averaging kernels, (2) the measurement noise error patterns and the level-by-level rms error, (3) the inverse model bias, and (4) the model parameter error patterns. This set characterizes all the terms in the expression for the total error (equation (14)).
